by immunoprecipitation (13) and antibody-induced redistribution (14, 15) studies.
Recently a further insight into genetics of H-2 antigens was achieved through analysis of two groups of public specificities, H-2.28 and H-2.1. H-2.28 and H-2.1 are not simple serological entities, but complexes or families of several antigenic specificities with very similar strain distribution (10, 16) . They are present in both the K region and the D region products, and the product of each K region or D region allele is of either the H-2.28 or the H-2.1 type (6, 10, 16) . Thus, both the K and D region products exhibit two types of "allelic" or mutually exclusive variation. One of these involves the private specificities, since usually each K or D region allele produces only one private specificity; the second involves the H-2.28 and H-2.1 families, since each K and D region allele produces either an H-2.28 or H-2. 1 specificity but never the two in combination (6, 10) . This pointed to the possibility that the specificities belonging to the two apparently separate allelic systems, i.e., the private specificities on the one hand and the H-2.28/H-2.1 specificities on the other hand, may actually be under the control of the different genes (17) . We therefore investigated the molecular relationship between H-2.28 and the other D region specificities. Using antibody-induced redistribution (capping) we have shown that the sera against the specificities of the H-2.28 family detect in the products of the Dd region a previously unknown type of H-2 molecule that lacks the D region private specificity and most of the public specificities (18) (19) (20) . These findings were confirmed by immunoprecipation of detergent-solubilized H-2 antigens (21, 22) . The locus controlling the new molecules was named H-2L (23, 24) . It is closely linked to the H-2D locus in the D region (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) . Recently, we have demonstrated that in the products of the Dk region (H-2.28 negative, H-2. 1 positive) antisera against H-2. 1 detect a molecule lacking the D region private specificity and some public specificities (23) . This is in accordance with the postulated allelism of the H-2.28 and H-2.1 specificities and suggests that the molecule detected by antisera against H-2.1 is controlled by the H-2Lk allele. The H-2L molecules, like H-2K and H-2D, have molecular weights of approximately 45,000 (21, 22, 25) and possess a 3-2-microglobulin chain (17) .
Antisera against H-2.28 react with both the K and D region products of H-2.28-positive alleles (6, 10) and cap H-2D molecules (17) (18) (19) (20) Eluates. Acid elution of antibodies absorbed specifically on lymphocytes was used (27) (15) and/or by immunofluorescence, using the differential redistribution method (14, 18 Immunofluorescence Assay of Antibody-Induced Redistribution (Capping). This assay was performed as described (14, 18, 20) . Briefly, purified spleen T lymphocytes were incubated Proc. Natl. Acad. Sci. USA 75 (1978) with an antiserum against H-2. Aggregation and capping of the antigenic sites on the cell surface was achieved at 370 by addition of a goat antiserum against mouse Ig conjugated to fluorescein isothiocyanate. This procedure was repeated twice in order to induce complete capping of the antigenic sites. The suspension was then incubated at 0°with another antiserum against H-2 followed by goat antiserum against mouse Ig conjugated with tetramethylrhodamine isothiocyanate. If the antibodies in the second antiserum against H-2 reacted with molecules that were not redistributed after treatment with the first antiserum, the cell surface exhibited diffuse red staining outside of the green caps. If, however, the second antiserum against H-2 reacted only with the molecules that were already redistributed by the first antiserum against H-2, no red labeling was observed on the cell surface outside the green caps. The cytotoxicity (lysostrip) and immunofluorescence assays gave the same results in parallel tests. Antibodies against H-2.28 eluted from H-2Kd molecules can react with H-2Ld and H-2Lq molecules "H-2Kd Eluate." Antiserum against H-2.28 (ASA-1) was absorbed on C3H-H-20 (H-2o2, Kd Id Sd Gd Dk Lk) cells and the absorbed antibodies were eluted. The reagent obtained, named the "H-2Kd eluate," could contain antibodies reactive with the products of the K, I, and G regions of H-2d. We used, however, purified T cells, which express no or very small amounts of Ta or H-2G antigens (1-3) ; hence, the outcome of our assay is not influenced by them (18) (19) (20) . The antiserum against H-2.28 (ASA-1) does not contain any antibodies against Qa-1,2,3 (see above). Since the antibodies against H-2.28 do not detect, in the K-region products, molecules other than H-2K (15, 23, 31) , the antibodies in the eluate analyzed here are those that reacted with the H-2Kd molecules on the C3H-H-20 cells.
RESULTS
"H-2Kd Eluate" Reacts with H-2Ld and H-2Lq Molecules. As shown by direct cytotoxicity (Table 2) , the "H-2Kd eluate" reacted with B1O.A cells (H-2a, Kk Ikd Sd Gd Dd Ld). This reaction was with the D region products of BlO.A since its K region is identical with that of the C3H strain which produced the serum, and possible antibodies against la or against H-2G are not detected in the assays used here. In order to know whether the antibodies in the "H-2Kd eluate" bind to the H-2L0 molecules, we tested its reactivity on B1O.A cells where the H-2Dd molecules were capped. The positive reaction of the eluate with the BlO.A cells was not removed after the redistribution of the H-2D1d molecules by antiserum against H-2.4
Proc. Natl. Acad. Sci. USA 75 (1978) B1O .A(2R), and BALB/cBy cells, respectively. This indicates that none of the known public specificities other than those of the H-2.28 family are responsible for these reactions. DISCUSSION The alloantibodies in the antiserum against H-2.28 that react with the H-2Dd or H-2Kd molecules were shown, after elution, to react also with H-2Ld or H-2Ld and H-2Lq molecules, respectively. The absorption analysis of the antiserum and of the eluted antibodies failed to reveal any known or new antigenic specificity other than those of the H-2.28 family which could account for these reactions. Without ruling out the possibility that some antibodies against H-2.28 may react with one type of H-2 molecule only, these results indicate that some specificities of the H-2.28 family are expressed on H-2D as well as on H-2L molecules and on H-2K as well as on H-2L molecules. Hence, the specificities of the H-2.28 family are alloantigenic markers of molecules controlled by at least three different loci: H-2K, H-2D, and H-2L.
The precise structural interpretation of the expression of H-2.28 specificity on three different H-2 molecules in terms of the pertinent antigenic determinants requires some caution since we do not know how closely similar the H-2.28 antibody-binding sites on H-2K and H-2D molecules are to the sites on H-2L molecules that bind the same antibody. Nevertheless, the similarities of the peptide composition and aminoacid sequences of K and D region antigens (4) suggest that the antigenic similarities between the products of these regions have their structural correlate.
The sera against the H-2.1 specificity behave in the same way as antisera against H-2.28. They react with K region products as well as with the D region products (5, 6, 8, 16) ; when reacted with the products of the D region, they can induce capping of both Ji-2Lk and H-2Dk molecules (23) . It is therefore likely that specificities of the H-2.1 family are also expressed on all three types of H-2 molecules as an alternative marker to H-2.28.
The question raised by our data is how antigens of the same pair of allelic specificities (H-2.28/H-2.1) become expressed on three different polypeptide chains. It is generally accepted that the different genes of the H-2 complex were derived by duplication (32) . Thus, the H-2K, H-2D, and H-2L molecules may be controlled by structural genes that have developed through a series of duplications and mutations from ancestral (allelic or pseudo-allelic) genes of either the H-2.1 or the H-2.28 type.
Alternatively, an additional mechanism may be involved in the genetic determination of H-2 antigens (17), namely, that the two classes of antigenic specificities, H-2.1 and H-2.28 on one hand, and the private and most of the public specificities on the other hand, are under control of separate genes [provisionally named y and'a, respectively (6, 17) ]. Accordingtosuch a model, the antigenic make-up of an H-2 molecule that carries both these classes of specificities is the result of an interaction between these two types of genes or between their products. This proposal is not without homologies, because the genes for the V and C portions of immunoglobulin molecules were shown to be separate (33) and several other viral and eukaryotic polypeptide chains were shown to be encoded by nonadjacent portions of the genome (e.g., 34 and 35) . This model raises several questions. It is not known where the proposed y genes are located and how they interact with the a genes. One possibility is that the y and a genes for each molecule are adjacent to each other. An alternative possibility (17) is that a single region bearing the y genes may be used for synthesis of several or all types of H-2 molecules.
Finally, it is not known whether the polymorphism of the H-2.28/H-2.1 specificities and of the private specificities is due to the actual presence of different structural genes in the H-2 haplotypes or to the polymorphism at the level of the control of expression determining which of the several structural genes present becomes expressed (36) .
